In recent years, an innovative, water-soluble ciclopirox 8% formulation in hydroxypropyl chitosan (HPCH) technology (P-3051) has been approved and marketed in more than 40 countries. It does not require nail filing and is easily removed with water, thereby greatly improving patient compliance.
HPCH is able to form an invisible film on the nail surface, which may prevent fungal invasion [10] . Furthermore, HPCH allows the composition to remain in contact with the nail surface long enough for a substantial ciclopirox penetration into and through the nail [11] .
P-3051 exhibited a better penetration and a higher predicted efficacy after in vivo multiple application to human fingernails when compared to the traditional insoluble ciclopirox 8% formulation and to amorolfine 5% [11] .
In 2009, Baran et al. [12] showed a statistically significant superiority of P-3051, in terms of efficacy, versus the reference insoluble ciclopirox nail lacquer in 454 mild-tomoderate onychomycotic patients treated for 48 weeks.
Controversial data from controlled studies are available to assess amorolfine 5% efficacy. In a recent multicenter, randomized, open-label and controlled study conducted on 142 onychomycotic patients, amorolfine 5% showed complete cure in 12.7% [13] .
In another controlled study aimed at evaluating the efficacy of a terbinafine nail lacquer, amorolfine 5% was chosen as comparator [14] ; the study, conducted on 1,029 onychomycotic patients, showed a very poor efficacy of the product [0.96% complete cure, defined as a combination of both clinical and mycological cure, and 15.7% responsiveness, defined as a negative direct potassium hydroxide (KOH) microscopy and negative fungal pathogen culture, with an affected nail area of ≤ 10%].
In general, over recent decades, the deployment of a blinded evaluator has become a common practice in onychomycosis clinical trials in cases of different product features. This approach is unanimously regarded as scientifically valid and has become the standard practice when comparing topical products which cannot be made blind for obvious reasons. Therefore, Polichem SA decided to assess the clinical efficacy of P-3051 versus amorolfine 5%, in a comparative clinical trial, using a blinded evaluator.
Patients and Methods

Study Design
This was a randomized, controlled, parallel-group study, under a blinded evaluator (PM1125 study, EudraCT No. 2011-003087-70). The trial was aimed at assessing the efficacy and safety of P-3051 (Ciclopoli ® 8%, Taurus Pharma, Bad Homburg, Germany) versus amorolfine 5% (Loceryl ® 5%, Galderma Laboratorium GmbH, Düsseldorf, Germany) in patients with mild-to-moderate toenail distal lateral subungual onychomycosis, caused by dermatophytes, yeasts and moulds, of at least one big toenail (target nail), without the presence of yellow spikes, dermatophytoma or lunula involvement. According to the protocol, patients, 18-75 years old, had to sign an informed consent form before enrolment. Those patients with an infected target nail area ≥ 25 and ≤ 75%, and with both positive KOH and culture for fungal nail pathogens at screening, were enrolled in the trial.
Concomitant severe plantar tinea pedis, other nail abnormalities (such as psoriasis or lichen planus) and the use of any systemic or topical treatment were not allowed.
After a run-in period of 4-5 weeks, necessary to obtain the culture result of the nail specimens, patients were randomized at a 1: 1 ratio to receive either P-3051 or amorolfine 5% nail lacquer (randomization visit). The investigator allocated the treatments, sequentially numbered, to each patient according to a randomization list.
Patients were instructed to perform a daily application of the nail lacquer for a 48-week treatment course with P-3051 or a twicea-week application with amorolfine 5%, according to the instruction in the leaflet.
The study was performed in an open-label fashion, due to the different time schedules of administration and the technical characteristics of the two formulations (i.e. removal procedures). The accepted blinded evaluation methodology was used to avoid the potential bias of an open-label design. The patients underwent a further five clinical visits at 4, 8, 12, 24 and 48 weeks.
Efficacy and Safety Assessments
The main efficacy variables were complete cure rate, treatment success and mycological cure, evaluated at different time points in the intent-to-treat (ITT) population. Complete cure was defined as a composite of negative KOH microscopy and negative culture for fungal pathogens with no residual clinical involvement of the target toenail. Treatment success was defined as negative KOH microscopy and negative culture for fungal pathogens as well as ≤ 10% residual involvement of the target toenail. Mycological cure was defined as both negative direct microscopy and negative culture. Safety was assessed through the AE recording by the investigator.
Photographs and Planimetry
At the screening visit and at each study visit (except at the randomization visit), before the nail scraping for mycological testing, two digital photographs were taken by the investigator under standard conditions using a single-lens reflex camera. The first photograph showed the target big toenail as it appeared. Then, the local investigator directly traced the outline of the diseased area (if present) on the patient's nail, taking additional photographs.
The images related to visits at weeks 24 and 48, with the outline of the diseased area drawn by the local investigator, were reviewed by the blinded evaluator.
Statistical Analyses
A sample size of 120 patients (60 patients per group) was deemed necessary to detect a 14% difference in success rate between the two treatment groups based on the results of previous 136 studies [12, 15] , where P-3051 and amorolfine achieved the efficacy parameter in 80 and 66% of patients, respectively. Assuming a screening failure rate of 30% of patients displaying negative fungal culture, about 160 patients had to be selected for screening. Statistical analyses were performed using SAS ® 9.2 software (SAS Institute Inc., Cary, N.C., USA).
The significance level was equal to 5% for all tests, and no adjustments were made for multiple testing.
The main efficacy analysis was performed on the ITT population, i.e. on all patients enrolled and randomized and those who had received at least one dose of the study drug.
The z test was used to assess the difference between the two treatments with respect to the proportion of treatment success and the proportion of completely cured cases at weeks 12, 24 and 48.
The safety population was defined as all the patients randomized and treated at least once.
AEs were based on the safety population. They were coded using MedDRA version 16, and the incidence rates were tabulated by Preferred Term and by System Organ Class per treatment group. Safety analysis included tabulation of the type and frequency of all AEs. Results were summarized by their relationship to the study drugs and by their severity (i.e. mild, moderate or severe).
Number Needed to Treat Analysis
The number needed to treat (NNT) is an epidemiological measure used to assess the effectiveness of health care intervention, typically treatment with a medication. The NNT is the average number of patients who need to be treated to prevent one additional bad outcome (i.e. the number of patients who need to be treated for one to benefit compared with a control in a clinical trial). It is defined as the inverse of the absolute risk reduction (intended as a way of measuring the size of a difference between the efficacy of two treatments), as described in the milestone paper of Laupacis et al. [16] . The NNT is useful if several treatments are assessed for the same outcome measure in patients with similar baseline conditions and lengths of treatment [17] . The ideal NNT is 1, where everyone improves with treatment and no one improves with control. The higher the NNT, the less effective the treatment.
The NNT and the lower/upper 95% confidence limits are commonly obtained by inverting the absolute risk reduction of the active drug versus placebo and the associated lower/upper 95% confidence limits.
Results
Demography and Baseline Characteristics
Overall, 154 patients were screened, and 120 patients were randomized to one of the treatments. All patients were Caucasians, and there was a higher proportion of females compared to males. Both groups were homogeneous with respect to sex, age and weight, as well as to the number of affected toenails, causative pathogens and the percentage of the infected target nail area. This is consistent with a population of moderate onychomycosis. Baseline characteristics of the study population and mycological results at inclusion are summarized in table 1 . Figure 1 reports the results observed for the complete cure rate. The number of patients cured at week 48 was 21 (35.0%) in the P-3051 group and only 7 (11.7%) in the amorolfine 5% group, resulting in a very high statistical superiority (p < 0.001) in favor of P-3051. At week 24, 9 patients (15.0%) in the P-3051 group and 6 (10.0%) in the amorolfine 5% group were already cured. However, the difference between the groups was not statistically significant (p = 0.408) at this time point. The complete cure of nail infection treated with P-3051 at the end of treatment is documented in figure 2 . Data are the mean ± SD, or n (%). Figure 3 represents the results observed in the treatment success parameter: at week 48, 35 patients were considered successfully treated (58.3%) in the P-3051 group versus only 16 patients (26.7%) in the amorolfine 5% group (p < 0.001), resulting in a very high statistical superiority of P-3051. At week 24, 24 patients (40.0%) in the P-3051 group and 16 (26.7%) in the amorolfine 5% group showed a clinical benefit. The difference between the groups was not statistically significant (p = 0.121) at this time point.
Efficacy
The results at week 48 showed that mycological cure was observed in all 60 patients (100.0%) in the P-3051 group and in 49 (81.7%) in the amorolfine 5% group, showing a very high statistically significant effect (p < 0.001) in favor of P-3051. Out of 11 (18.3%) mycological failures in the amorolfine 5% group, 8/47 (17%) were dermatophytes and 3/11 (27%) were Candida spp., while moulds were eradicated (2/2). The results are shown in figure 4 .
These results are also consistent with the two parameters (KOH microscopy and culture) when taken singly (data not shown).
The results at week 24 showed that mycological cure was observed in 58 patients (96.7%) in the P-3051 group and in 52 (86.7%) in the amorolfine 5% group: in this case, the difference between the groups was statistically significant (p < 0.05) in favor of P-3051, also at week 24.
Safety
None of the patients in either group had serious AEs, AEs of severe intensity, treatment-related AEs or any AEs that led to definite discontinuation of the treatment. One 138 patient (1.6%) in the P-3051 group temporary discontinued treatment due to AEs, consisting of trauma of the right foot. As no serious or treatment-related AEs leading to temporary or definitive discontinuation of the study drugs were reported in any patient in either group, it is possible to confirm that both treatments were well tolerated without any safety concern.
NNT Analysis in PM1125
As PM1125 did not include a placebo arm, a 'putative' estimate of placebo effect was computed using data gathered from vehicle-controlled studies (without P-3051) reported in table 2 [14, 18, 19] . The pooled estimate of the cure rate in the vehicle group (2.11%), obtained by combining the five studies, was used as a historical vehicle control group.
The NNTs computed using complete cure data are displayed in table 3 . The NNT data clearly show that P-3051 is almost 4 times more effective than amorolfine 5%. In other words, while it is necessary to treat only 3 patients with P-3051 to get on average 1 cure, one needs to treat 11 patients with amorolfine 5% to obtain the same clinical results. Moreover, the nonoverlapping 95% confidence interval indicates a statistically significant superiority of P-3051 versus amorolfine 5%.
NNT Analysis in Previous RCT European Studies
A further analysis was performed comparing data gathered from the pivotal studies of Baran et al. [12] (P-3051 pivotal trial), Gupta et al. [18] and Elewski et al. [14] (amorolfine 5% as reference, calculated using placebo of the test drug, and terbinafine nail solution). The NNTs computed using complete cure data from pivotal studies are displayed in table 4 .
The NNT data clearly show that P-3051 is almost 6 times more effective than amorolfine 5% in complete cure. The nonoverlapping 95% confidence intervals indicate a statistically significant superiority of P-3051 versus amorolfine 5%. Moreover, P-3051 appears clinically superior compared to the standard insoluble ciclopirox 8% formulation.
Discussion
This clinical trial compared two of the topical treatments most widely used in Europe in the management of onychomycosis, P-3051 (ciclopirox 8% nail hydrolacquer) and amorolfine 5%.
Although encouraging results had already been obtained in in vitro as well as in in vivo studies using HPCH technology, in terms of a better active permeation [11] of P-3051 compared to amorolfine, a comparative clinical study between the two compounds was still missing, and for this reason it has been performed.
Mycological cure was chosen as an objective independent endpoint for evaluating antifungal agents [20] . In this clinical study, a large spectrum of nail pathogens has been treated, revealing a similar effect both of P-3051 and of amorolfine 5% on mycological findings until the 24th week of treatment. In the following 6 months of treatment, the antifungal activity of P-3051 increased until 100%, in terms of conversion to negative culture and 139 KOH microscopy analysis, confirming the antifungal activity of P-3051, as already shown by Baran et al. [12] .
On the other hand, amorolfine 5% exerted the maximum effect at 24 weeks, but surprisingly, its antifungal activity decreased after 48 weeks of treatment.
This issue is explained by the occurrence of strains resistant to amorolfine 5% and the well-known lack of tolerance or resistance of fungi to ciclopirox, probably due to its multiple mechanisms of action; this fact may contribute to the reduction of the relapse rate in the P-3051 group in comparison to the amorolfine 5% group, due to the possible selection of drug-resistant strains [21] in the latter case.
After a 48-week treatment, even the clinical efficacy of amorolfine 5% showed a modest improvement in comparison to the results obtained after 6 months of treatment. This finding is in contrast with the recommendations of experts, suggesting that the length of treatment with topical drugs in mild-to-moderate onychomycosis should not be less than 1 year. It was even suggested that an extension of the duration of treatment to 18 months could produce a better clinical outcome that reflects true nail pathology [10] .
In our experience, the further clinical benefits expected in the following 24 weeks of treatment and related to the normal growth of the nail seemed to be almost zero, due to the possible occurrence of relapses or resistance.
However, in the present trial, the efficacy of amorolfine 5% nail lacquer (with a complete cure rate of about 12%) is higher than the results given in the study of Elewski et al. [14] (where the complete cure rate was 0.96%) and substantially in line with the data obtained in the study of Paul et al. [13] (12.7%).
The efficacy rate shown by P-3051 in this trial, with respect to the previous pivotal study [12] , could be a ref-
erence to a population at baseline in terms of milder nail pathogen infections.
Therefore, it is not surprising that higher efficacy rates were reported with criteria which are less restrictive but certainly closer to the day-by-day management of the disease.
Finally, the results obtained in this head-to-head study between P-3051 and amorolfine 5% are not unexpected. In fact, the comparison of the NNT analysis indicated a better clinical efficacy of P-3051 versus amorolfine 5%, ranging from 4 to 6 times.
Both P-3051 and amorolfine 5% were very well tolerated, confirming an excellent safety profile.
Conclusion
The results of this comparative clinical study versus amorolfine 5% and of the previous pivotal study versus the insoluble formulation of ciclopirox 8% led to P-3051 being considered as the most effective topical drug for the treatment of mild-to-moderate onychomycosis.
Its efficacy, different from that of amorolfine 5%, is maintained in the long term by the well-documented capability of ciclopirox, which does not induce fungal resistance.
As a consequence, from now on, P-3051 should be considered as the gold standard for the topical treatment of onychomycosis.
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